describe simultaneously both the near field where the sound is generated and the propagation of sound to the far field. As such, the problem of matching the near field to the far field does not arise. The linearized Euler equations fully account for non-parallel flow effects and for the simultaneous presence of non-discrete frequencies.
Special attention is given to the boundary treatment in order to avoid the generation of spurious waves that could render the computed solution entirely unacceptable. Several proposals for boundary treatments are considered, and used where appropriate.
The treatment adopted in this work resulted in a stable solution nearly free from reflections without the need to add artificial dissipation, filtering, or sponge layers. The computed solution is found to be in good agreement with theory and observations.
Governing_ E_aualicms
Starting from the full Navier-Stokes equations in conservative form, neglecting viscosity, and linearizing about a mean flow (U,V), the axisymmetric linearized Euler equations may be written in cylindrical coordinates as:
r o_r r where:
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In this notation, U is the axial mean velocity and V is the radial mean velocity.
Velocities are normalized
by the jet exit velocity, time by D/Ue, density by the mean exit value, and pressure by peUe 2. Here, D is the nozzle diameter, and the subscript 'e' denotes the exit value at the centerline.
Mean Flow
This work uses the analytical functions proposed by Tam and Burton s to fit the experimental data of Troutt and McLaughlin 9 in the three streamwise regimes of a Mach 2.1 jet: the potential core, transitional, and fully developed regimes.
In the potential core, ranging from 0 < x/D < 5, the half-Gaussian (profile I) is used to describe the axial mean flow velocity:
In the profile (9) transitional region, 5 < x/D < 8, II is used:
The above profiles are used to describe the mean flow up to maximum radius rmax = h + 3b. For r > rm_x where V. is the uniform radial velocity in the outer regime.
By assuming the total temperature to be uniform, the relation between the static temperature and the axial mean flow velocity is obtained. The equation of state is then used to obtain the mean density in terms of the static temperature.
The computational grid for this problem extends axially from x/D = 2.5 to x/D = 35, using 196 equally spaced points (25 points per wavelength).
Due to the steep meanflow gradients encountered at the jet exit, the computational grid was begun at an axial distance x/D = 2.5 from the actual jet exit.
PU2rd r 1 (12) 2 0 For profile I, Uc = 1, and hence equation (12) is used to obtain h(x) in terms of b(x). For profile III, equation (12) is used to obtain Uc(x) in terms of b(x). For profile II, b(x) and h(x) are obtained by using a cubic spline fit that matches the values of b(x) and its derivative to that of profiles I and III and likewise for h(x).
In the radial direction, the grid begins just above the centerline (r/D = 0.005) and extends to r/D = 16, with a total of 381 points.
The grid is uniform from the centerline to r/D = 1, with a spacing of Ar/D = 0.01. At this point, the grid is stretched geometrically by a factor of 1.01, until the radial spacing is equal to the axial spacing.
After this point, the grid is uniform again to the outer radial boundary.
aa, Numerical Algorithm
Invoking the boundary-layer-type approximation to the mean flow equations shows that the mean pressure can be taken to be uniform in the jet.
Under such assumptions, one can show that the continuity equation for the mean flow reduces to that of the incompressible flow, which is used to obtain the radial flow velocity V(r) as:
The code is a modified split MacCormack solver, which is second order accurate in time and fourth order accurate in space. This extension of the MacCormack scheme is known as the 2-4 scheme, and was developed by Gottleib and Turkel 1°. This scheme has been used successfully on a wide range of fluid and aeroacoustics problems 11- 
where: 
Outer Radial BQ_mdary Con_iition
At the outer radial boundary (r = rmax, 0 < x
the radiation boundary condition of Section 5.1.3 is used.
Centerline Treatment
For an axisymmetric problem, the boundary condition at r = 0 can be stated as: The results show a qualitative similarity, with an axial shift of the maximum disturbance.
The Global Field
The global field of the jet is shown in Figures 1-7 . Figure 1 shows the oscillating pressure field with the appropriate boundary treatment indicated on the figure. The solution is stable and clean from boundary reflections.
Close to the axis, we note the oscillatory nature of the sound source, which will be shown in more detail in figures 8-12. The sound source radiates sound that seems to peak at an angle influenced by the streamwise position where the disturbance reaches a maximum. Figure  2 shows the instantaneous distribution of u', v', dilation, and vorticity.
We note that the vorticity is confined to the near field, showing that the calculated outer field is a truly irrotational acoustic field. 
The Near Field
The near field is shown in more detail in figures 10-14.
Instantaneous distributions of the pressure disturbance in the shear layer are shown in Figure   10 . 
